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Introduction
Extrusion of drugs from cells by efflux pumps (EPs) is one of the main reasons for bacterial resistance to antibiotics [1, 2] . EPs are able to eject different lipophilic and amphiphilic compounds, such as dyes, detergents, lipids, quorum sensing signal molecules. EPs are also associated with virulence [3] [4] [5] and biofilm formation [6] . Therefore, information about the efflux is vital for the effective usage of available antibacterial drugs and the discovery of new ones.
Lipophilic cations, such as ethidium (Et + ) and tetraphenylphosphonium (TPP + ), are well known EP substrates [7] [8] [9] [10] [11] .
Membrane voltage (transmembrane difference of electrical potential, DC, negative inside) drives the accumulation of these cations in bacterial cytosol. The specific feature of Et + is its affinity to DNA. Intercalation into the double helix increases fluorescence of this indicator compound [12] . Intracellular components bind low amount of the TPP + [13] and, therefore, this compound can be used as an indicator of DC in bacteria and mitochondria. Fluorimetric assay of cell-accumulated Et + is one of the most popular method to study EP activity in bacteria [14] [15] [16] [17] . described [10, 19] . The Et + sensor was prepared in accordance with a well-known procedure [20] by dissolving poly(vinyl chloride) (PVC, average M w $ 80,000; Sigma-Aldrich), plasticizer dioctyl phthalate (Sigma-Aldrich), and tetraphenylborate sodium salt (Sigma-Aldrich) in freshly distilled tetrahydrofuran (Sigma-Aldrich) while stirring. The membrane components were taken in following proportions (by weight): tetraphenylborate sodium salt, 1%; plasticizer, 66%; and PVC, 33%. After tetrahydrofuran evaporation at room temperature in fume hood, the formed membrane was fixed to the sensor body, soaked overnight in 1 mmol/L Et + bromide solution and washed with deionized water before the experiments. The sensors were stored dry at room temperature. While assembling Et + -selective electrode the sensor was filled with 0.1 mmol/L Et + bromide in 100 mmol/L NaCl solution and connected to an internal Ag/AgCl half-cell electrode. The thermostated magnetically stirred glass vessels were filled with 5 mL of 100 or 400 mmol/L Tris/HCl, pH 8.0 or 6.5, containing 0.1% glucose. After calibration of the electrodes the concentrated cell suspension was added to obtain an OD 600 of 1. We used the electrode potential-amplifying system with an ultralow-input bias current operational amplifier AD549JH (Analog Devices, Norwood, MA, USA). The data acquisition system PowerLab 8/35 (ADInstruments, Oxford, UK) was used to connect of the amplifying system to a computer. The agar salt bridges were used for indirect connection of the Ag/AgCl reference electrodes (Thermo Inc.; Orion model 9001) and the cell suspension in vessels. The measurements were performed simultaneously in 2-4 reaction vessels. The representative sets of curves from 3 independent series of measurements are presented.
Results

3.1.
Role of the medium pH and the outer membrane (OM) permeability in the interaction of Et + with S. enterica cells
We used 96-well plates and a plate reader to monitor Et (Fig. 1 Because heat treatment eliminates ion gradients and the energy-dependent processes, such cells could be considered for the role of ''zero'' control in the efflux studies. Addition of the heat-treated cells to the medium induced very fast and 
Influence of the incubation buffer concentration on the efflux
To determine the influence of incubation buffer concentration on Et + efflux in S. enterica, the experiments were performed in 100 mmol/L and 400 mmol/L Tris/HCl buffers, pH 8.0 (Fig. 3) . In addition, the combined effects of PAbN, as the RND pump inhibitor, and TPP + , as an alternative EP substrate In 400 mmol/L buffer (Fig. 3B) 
Influence of the incubation temperature on the interaction of indicator compounds with S. enterica cells
We explored the fluorescence of Et + at two temperatures, 23 8C
and 37 8C, in the same 400 mmol/L Tris/HCl buffer, pH 8.0 (Fig. 4) . The levels of fluorescence during first 20 min of incubation were very close at both temperatures but at 23 8C the fluorescence was gradually increasing and after 60 min it was twice higher than at 37 8C (Fig. 4) (including the re-entry, see calculations for Fig. 2 ) was 5.42 AE 0.1 nmol/min at pH 6.5 and 6.00 AE 0.1 nmol/min at pH 8,0. 
Discussion
Measurements of Et + fluorescence in cell suspensions is one of the most popular methods of efflux analysis in bacteria. Here we compared the accumulation of EP substrate Et + in S. enterica cells by methods of fluorescence spectroscopy and potentiometry. Results of our experiments indicated that the quantitative measurements of the efflux following the changes in Et + fluorescence are rather complicated. The intensity of fluorescence depends on the amount of Et + bound to bacterial DNA and the latter is related to the intracellular concentration of this indicator. In addition to efflux, DC and the OM permeability also affect the intracellular accumulation of this indicator. Therefore, it is important to monitor continuously the interaction of this indicator compounds with the cells. For quantitative studies it is important to have control data on the state of ''zero efflux''. Efflux of the indicator compounds could be switched off using the efflux pump inhibitors (e.g. PAbN), blocking the energy supply of the efflux by membrane-active compounds (e.g. PMB) or inhibitors of energy metabolism (uncouplers of oxidative phosphorylation). However, the bound amount of Et + to the de-energized or permeabilized cells considerably varies depending on the conditions and methods of de-energization or permeabilization of cells. Beside this, the changes in the composition of the cytosol of the de-energized and permeabilized cells can affect the binding of Et + to DNA. It is known that PMB [21] , as well as Mg 2+ [22] bind to the DNA decreasing Et + fluorescence.
In parallel with Et + accumulation measurements, we potentiometrically monitored the interaction with cells of another EP substrate TPP + . This compound is lipophilic and cationic, as Et + , but has a low affinity to intracellular components [13] and, therefore, can be used for measurements of DC in bacteria and mitochondria [23] . Interpreting results of TPP + accumulation is more straightforward because of the low intracellular binding of this compound, but the studies using this indicator become complicated at conditions of low DC, for example, when the medium pH is 6.5 and lower. EPs of RND family, clinically the most important in S. enterica [2] , obtain energy from the proton-motive force generated as a result of cellular metabolism [1] . By selecting pH of the medium it is possible to change the inputs of the transmembrane difference of electrical potential (membrane voltage, DC) and the transmembrane difference of pH (pH gradient) without effect on the magnitude of proton-motive force [23] . However, Martins and colleagues [15] PMB is a very effective permeabilizer of bacterial membranes, at low concentrations increasing the permeability only of the OM [28] . This antibiotic is not an EP substrate [29] and it is convenient to use it as a permeabilizing agent. However, at 50 mg/L and higher concentrations of PMB the initial additional accumulation of Et + is followed by the release of this indicator. The decrease in fluorescence and the increase in extracellular Et + concentration after prolonged action of PMB could be explained by the interaction of PMB with DNA and the replacement of Et + -DNA complex by PMB-DNA one. Analogous effect of thioridazine on Et + fluorescence was described by
Spengler and colleagues [30] . Our results are in agreement with the described ones, showing that PMB [31] binds to the DNA decreasing Et + fluorescence.
It is known that the fluidity of biological membranes decreases with the decrease of temperature. Temperatureinduced deformations of the cell membrane can act as allosteric regulators of protein function [32] and this can affect the efficiency of efflux. Temperature of the incubation medium in a complex way affects accumulation of lipophilic indicators in S. enterica cells (Figs. 4 and 5 [37] suggest that this inhibitor, even when it is itself pumped out, can reduce the pumping of other compounds interfering with their binding to other parts of the binding pocket of AcrB pump. It is known [38, 39] that under certain conditions PAbN not only inhibits the efflux but also permeabilizes the OM to lipophilic compounds. Beside this, activation of the energetic metabolism not only increases the efficiency of efflux but also has an impact on the amount of cations bound to the surface of Gramnegative bacteria [40] . All these facts also should be kept in mind when interpreting results of the efflux experiments.
Conclusions
Results of our experiments indicate that ionic strength of the incubation medium influence the selectivity, the medium temperature and the assay conditions impact the kinetics of efflux. The lower accumulated amount and the weaker fluorescence of Et + registered at slightly acidic medium indicate that DC plays a role in the accumulation of this indicator cation. The bound amount of Et + to the de-energized or permeabilized cells considerably varies depending on the conditions and methods of de-energization or permeabilization of cells. Tris/EDTA permeabilization of the cells does not inhibit the efflux.
